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The dipole moments of alicyclic ethyl cis- and /ra/u-2-hydroxycarboxyIates were studied. Ón 
the basis of the dipole moment values it proved possible to investigate the validity of the conformation 
rule in the case of these compounds. The fairly good agreement between measured and calculated 
dipole moments permitted to assume the presence of intramolecular hydrogen-bonds in the m-iso-
mers and of intermolecular hydrogen bonds in /ra/j.s-isomers. 
Introduction 
Alicyclic ethyl cis- and í/ww-2-hydroxycarboxylates may serve as starting 
materials for the synthesis of stereochemical^ homogeneous bifunctional alicyclic 
derivatives. Several papers describe the synthesis and spectroscopic stiidies [5, 6] 
of cis- and //'ö/;.s-2-hydroxycyclopentanecarboxylic acid (1), cis- and trans-2-hydroxy-
cyclohexanecarboxylic acid (2), cis- and /rart.s-2-hydroxycycloheptanecarboxylic 
acid, and of the respective esters [3, 4]. IR and N M R spectroscopy reveals primarily 
the intramolecular and intermolecular hydrogen bonds of the isomers as well as 
the preferential conformation of the individual substituents. IR spectroscopy and 
viscosity measurements led CASTELLS and PALAU [5 ] to the conclusion that in the 
molecules of ethyl cis- and . íraní-2-hydroxycyclopentanecarboxylate and ethyl 
cis- and ?ra«5-2-hydroxycycloheptanecarboxylate the c/s-isomer is less prone to 
associate than the trans-isomer.. 
BAUMANN and MÖHRLE [7, 8] studied the conformation of isomers and determined 
their equilibrium constants [9]. Equatorial hydroxy groups promote a more pro-
nounced association than axial ones. Based on N M R spectra of BAUMANN and 
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M O H R L E [8] as well as our own I R and N M R spectroscopic data, and measurement 
of dissociation constants and reaction rate of chromic acid oxidation, the preferential 
conformation of compounds l a and lb was established in agreement with literature 
data [10]. N M R spectra suggest that in m-2-hydroxycyclohexanecarboxylic acid 
equatorial position may be assigned to the carboxy group and axial to the hydroxy 
group [6]. 
It seemed justified to investigate the interrelationship between physical constants 
of isomers and their configuration with regard to dipole moment studies, too. De-
termination of the dipole moments may enable us to examine the validity of the 
"conformation rule" in the specific case of these molecules. 
Determination of the dipole moment 
The dipole moments of ethyl cis- and iranj-2-hydroxycyclopentanecarboxylate 
(Ia,b), ethyl cis- and ira«s-2-hydroxycyclohexanecarboxylate (IIa,b), and ethyl 
cis- and ira«j-2-hydroxycycloheptanecarboxylate (IIIa,b) (Fig. 1) were determined. 
The synthesis of the model compounds was published in former communications 
[4, 11]. The samples used for dipole moment measurements did not contain impu-
rities [4, 11]. 
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with the following symbols: 
B — slope of the density vs. mole fraction straight line 
e1 — value of the dielectric constant vs. mole fraction straight line extrapolated 
to infinite dilution 
a — slope of the dielectric constant vs. mole fraction straight line 
d1 — value of the density vs. molar fraction straight line extrapolated to 
infinite dilution 
M1 — molecular weight of the solvent 
M 2 — m o l e c u l a r weight of the solute. 
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T h e d i p o l e m o m e n t a t k n o w n v a l u e is 
H = 0 . 2 2 1 2 3 I P ^ - R , 
w h e r e R i s t h e s u m o f a t o m i c a n d e l e c t r o n i c p o l a r i z a t i o n . T h e a p p r o x i m a t e v a l u e 
o f R m a y b e c a l c u l a t e d f r o m t h e m o l e c u l a r r e f r a c t i o n ( b y m u l t i p l y i n g w i t h + 1 . 0 5 ) : 
R — MRD• 1.05. 
T h e m e a s u r e d d a t a a r e l is ted in T a b l e I . 
Tablet 
Dipole moments of alicyclic ethyl cis- and trans-2-hydroxycarboxylates f l a , b — I I fa ,b) 
measured and calculated with HEDESTRAND'S method 
Compound *2 •
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2.324 
T h e d i p o l e m o m e n t s o f t h e m o l e c u l e s w e r e c a l c u l a t e d b y GUGGENHEIM'S 
m e t h o d [13] : 
21 kT 1 , . „ 
4nN d1(s1 + 2f 
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too, where 
k — 1.381 • 10"18 (Boltzmann constant) 
N — 6.023 • 10~23 (Avogadro number) 
df" — density of cyclohexane (0.77389 g/ml) 
«d — refraction index of cyclohexane (1.4233) 
8X —dielectric constant of cyclohexane (2.0199) 
M2 — molecular weight of the solute 
— £ I , 2 - £ I = / ( W 2 ) 
a„ — " m . 2 - " ! ) ! = / ( w 2 ) , 
Plotting the data measured in 5 or 6 dilute solutions (of 1—7 mole percent) the above 
calculations were performed and the results obtained are listed in Table II. 
Table III contains the comparative figures obtained by both methods. The 
dipole moment of the m-isomers is always higher. 
Based on the measured dipole moments displayed in Table III, it" may be 
concluded that the dipole moment values are not substantially influenced by ring 
sizes. 
Vectorial additive method for the calculation of dipole moments 
The dipole moments of molecules are determined by their conformation. 
Knowing the approximate geometry of a given substance, its dipole moment may 
be calculated theoretically on the basis of its bond angles and bond moments, re-
spectively. Using the unit vectors of the substituents of the cyclopentane and cyclo-
hexane skeleton [14, 15], calculations based on the assumed conformation of the 
compounds could be performed. According to our vector analysis, and in agreement 
with B A U M A N N ' S studies [8], the envelope form was chosen. B A U M A N N ' S studies 
revealed that, though the substituents had. no direct influence on the conformation 
of the ring itself, the interaction between functional groups may promote a pref-
erential- orientation. In the case of 1,2-disubstituted cyclopentanes the /ra/js-isomer 
tends to adopt envelope conformation, consequently both substituents are in 
pseudoequatorial position. In the c/j-isomer, having envelope conformation, only 
one of the substituents is pseudoequatorial, thus the energy content of the cw-isomer 
is higher than that of the trans-isomer. 
In the case of cis- and //w/.v-cyclohexanc derivatives equatorial—axial and 
diequatorial orientation may be assigned to the substituents. The unit vectors 
of these conformers were used in the calculations. 
The dipole moment of compounds containing freely rotating or rigidly fixed 
substituents, respectively, may be calculated on the basis of GILMAN'S method [27] 
as follows: 
n n 
i'2 = /<0 + 2 / ' ! + 2 2 i'i O oa i x + /(„,. • a,y + Hoz • ah) X c o s Q, + 
/ = 1 i = i 
n 
+ 2 2 u]itj(aixajx+ aiyajy + ahaj.) cos Qi^O. 
wherefrom the simplified equation 
¿¿2 = ^l+jil + 2^1f.t2(alxa2x + alya2y + ci1.a2:)cos01Q2 
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Table II 
Dipole moments of alicyclic ethyl cis- and trans-2-hydroxycarboxylates (Ta,b-TIJa,bJ determined 
by GUGGENHEIM'S method [13] 





















a„ = 0.101 






































«„ = 0.101 
a c = 3.80 
2.760 

















o„ = 0.099 
ac= 3.080 
2.479 

















o„ = 0.135 
ac= 3.61 
2.784 

















o„ = 0.135 
ae = 2.85 • 
N 2.462 
Note. e{% da ta are to be found in Table I. 
Table III 
Dipole moments of alicyclic ethyl cis- and trans-2-hydroxycarboxylates 
calculated with GUGGENHEIM'.? and HEDESTRAND'S methods 
Compound fc PH 
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2.324 0.322 0.379 
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can be obtained, where 
fin — dipole moment of the rigidly fixed polar groups 
HoxHoyfioz — projection in the direction of the coordinate axes of the dipole 
moment ¡¿0 of the groups 
HiHj — moments of the n rotating groups 
Qi Qj — angles formed by group-moment-vectors with rotation axes a.ay 
aixa;¡aiz — unit vectors of the rotation axis i in the chosen coordinate system. 
Bond moments and bond angles according to literature, used for the cal-
culation of the dipole moment of ethyl cis- and ira/w-2-hydroxycyclopentane-
carboxylate (Ia,b), are presented in Fig. 2. 
H5C2OOC 
m c 5 H 1 0 = O D 
7WOH = 1.6 D 








•X = 8 9 ° rotation angle of the carbethoxy 
group around axis ax [17] 
R X = 63° rotation angle of the hydroxy group 
around axis a2 [18] 
Table IV lists the unit vectors of cyclopentane substituents [14] in the chosen 
coordinate system. 
Table IV 
Unit vectors of cyclopentane substituents [14] in the chosen 
coordinate system 
Position Orientation 
Unit vectors of substituents 
X y 2 
1 equatorial 0.169 0 . 0 0 0 0.986 
2 axial - 0 . 2 8 0 0.900 0.332 
3 equatorial - 0 . 1 1 4 - 0 . 0 3 9 - 0 . 9 9 2 
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Bond moments and bond angles according to literature, used for the cal-
culation of the dipole moment of ethyl cis- and /rawi-2-hydroxycyclohexane-
carboxylate, are presented in Fig. 3. 
W , H t , = 0 D [16] 
m o H = 1.6 D [18] 
/ñcooc2H = 1.8 D [17] 
V 
R - X = 63° rotation angle of hy-




ß 2 \ 
X = 89° rotation angle of 
carbethoxy group around 
axis «i . [17] 
W5C200C 
H5C2OOC 
Table V lists the unit vectors o f . cyclohexane substituents [15] in the chosen 
coordinate system. 
Table V 
Unit vectors of cyclohexane substituents [15] in the chosen 
coordinate system 
Position Orientation 
Unit vectors of substituents 
X y z 
. 1 equatorial -0 .997 0 . 0 0 0 0.077 
2 axial -0 .333 -0 .067 0.940 
2 equatorial. -0 .333 -0 .804 -0 .492 
Pertinent literature data of ethyl cis- and irans-2-hydroxycycloheptanecarboxylate 
were not available, consequently no vectorial calculations could be performed. 
Using the above, values of the substituent unit vectors, bond moments and 
bond angles, the dipole moments summarized in Table VI were obtained. 
Table VI demonstrates the good agreement between the dipole moments cal-
culated according to the supposed conformation and the measured values. This 
agreement is especially striking in the case of the trans-homers. The discrepancies 
experienced in the cw-isomers will.be dealt with later. . 
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Table VI 
Calculated and measured dipole moments of alicyclic ethyl cis- and 
trans-2-hydroxycarboxylates (Ta,b, IIa,b) 
Compound Meal c 
''measured № A ^measured ^calc 
G H G H 
la 2.390 2.772 2.750 + 0.372 + 0.350 
lb 2.390 . 2.375 2.220 - 0 . 0 1 5 + 0.170 
IIa 2.40 2.760 2.740 + 0.360 + 0.340 
IIb 2.40 2.479 2.359 + 0.079 - 0 . 0 4 1 
Discussion 
Comparing the measured dipole moments of alicyclic ethyl cis- and trans-
2-hydroxycarboxyIates, it is apparent that the dipole moments of the m-isomers 
are higher. Spectroscopic [5, 6] as well as other studies [9] revealed the presence 
of an intramolecular hydrogen bond in the cw-isomers. 
The dipole moment of the cw-isomers should be lower due to the polarity-
-lowering effect of the intramolecular hydrogen bond.. Other investigations [19], . 
however, draw the attention to the circumstance that an intramolecular hydrogen 
bond enhances the rigidity of the skeleton, and thus increases the dipole moment. 
The increase in dipole moment of the c/.s-isomers may be attributed to the fact, 
that, due to the relative position of the functional groups in the m-isomers , the 
skeleton of the molecule is less coplanar than in the ¿/¿m-isomers with diequatorial 
substituents. Regarding the comparatively good agreement between measured and 
calculated dipole moments, it may be assumed that, under the applied conditions 
of measurement, the intermolecular hydrogen bond of the ds-isomers may be 
omitted, consequently, in the case of the m-isomers of cyclopentane, cyclohexane, 
and cycloheptane derivatives, the presence of the intramolecular hydrogen bond 
may be considered the determining factor. 
Knowing the dipole moments, the respective molecules may be studied according 
to the conformation rule. On the basis of AUWERS'S equation [ 2 0 , 2 1 ] , in the case of 
cis—//W7.v-isomers, it is the m-isomer which has higher density, refraction index 
and lower molar refraction. This rule, or its modified form [26] can be used for 
comparing stereoisomers, though only interpretations on the basis of the conforma-
tion rule may lead to correct results [ 2 2 ] . ELIEL assumes that the less stable confor-
mation may be assigned to the isomer of higher boiling point, refraction index, and 
density; i.e. it is the isomer of smaller molecular volume which has higher en-
thalpy. Isomers with conformations in which all substituents are equatorial, have lower 
boiling points, density and refraction index than those containing axial sub-
stituents as well. 
Originally, the conformation rule was set up for cyclohexane derivatives; 
nevertheless it could be successfully applied to some cyclopropane, cyclopentane, 
cycloheptane and cyclooctane derivatives, too [23]. Its interpretation is the most 
clearcut in the case of hydrocarbons. Strong dipole—dipole interactions promote 
stronger association of the respective molecules through the increased dipole 
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moment; i.e. as a rule, in the case of dipole moments showing marked difference, 
the isomer having a higher dipole moment has a higher boiling point as well. The 
conformation rule, however, is not valid for isomers having highly different dipole 
moments. In this case ARKEL'S dipole rule [ 2 4 ] should be applied, which is valid 
for broader ranges of dipole moment values (0.2 D). 
ELIEL [ 2 5 ] demonstrated that in the case. of polar substituents (OH, NH 2 ) 
boiling points do not follow the conformation rule, and the diequatorial trans-
isomer has the higher boiling point. On the basis of his results obtained with 2-, 3-, 
arid 4-methylcyclohexanols, he interpreted this fact with the circumstance tha t , 
the intermolacular hydrogen bonds with the equatorial hydroxy] are more pronounced 
than in the case of axial conformers. 
As a conclusion, van ALKEL'S rule, can be applied in the case of our model 
compounds. Components having higher physical constants (except boiling point , 
and viscosity) have higher dipole moments as well. The higher boiling points of 
the rraws-isomers may be due to intermolecular hydrogen bonds, which promote 
association. The intermolecular association of iraw-s-isomers is confirmed both by 
spectroscopic studies and gas chromatographic data [4]. Dipole moment measure-
ments were in agreement with LUTSKII'S former observations [ 1 9 ] that in this type 
of molecules, beyond dipole—dipole interactions, intramolecular hydrogen bonds, 
enhancing the rigidity of the skeleton, may play a decisive role. . 
* ' * 
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СТЕРЕОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ, XX 
ИЗУЧЕНИЕ Ц И К Л И Ч Е С К И Х 2-ОКСИКАРБОНОВЫХ КИСЛОТ, Ш 
СВЯЗЬ М Е Ж Д У М О Л Е К У Л Я Р Н О Й СТРУКТУРОЙ И Д И П О Л Ь Н Ы М И М О М Е Н Т А М И 
ЭТИЛОВЫХ ЭФИРОВ ЦИС- И 77МЯС-2-ОКСИКАРБОНОВОЙ К И С Л О Т Ы 
Е. Томори, Ш. Ферещи-Грес, Г. Бернат 
Изучены дипольные моменты этиловых эфиров цис- и /и/>а»с-2-оксикарбоновой кислоты. 
При известных величинах дипольных моментов представляется возможность проверки 
применимости конформационного правила. Хорошее совпадение между измеренными и 
рассчитанными величинами дипольных моментов указывает на вероятность наличия внутри-
молекулярных водородных связей у (/ие-изомеров и межмолекулярных — у транс-изомеров. 
